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I INTRODUVCTION AID SUMARY

This report deals with the flizht tests of the !rcoupe airnlane with
and without auxiliary jet prorulsion carried out at March Field, California
during the neriod August 6 to August 25, 1941, by the Air Corps Jet Fronulsion
Resocarch Project at the California Institute of Toohnology.

Capt., H. A. Doushey, Jr., liason officor for the orojoct, vas assigred
as pilot by the Air Corps Imtoricl Nivision, and nersonnel for assisting

_the flight tests were made available by the Comwmnding Officer at March
Fleld.
The flight tests repreaont the first practical demonstration of the

possibilitios of auxiliary jet propulsion in tho United States, Thesc possi-

bilities, forsecn for a number of years, amaitcd the solution of en;ireering
problens connectod with the develonment of satisfactory jet devices, The
prescnt succossful flight tests rcsult ossentially from the foresight of

Yajor Ceneral H. . Arnold, who supported the initiation of the Air Corps

Jet Propulsion Research Project in 1939 undcr the sponsorship of the Cormittoe
for Air Corps Research of the 'ational ‘cademy of “oiences,

The latter comrittee formed a sub-comm ttee under the chairmanshipn
of Dr. Th. von Kaymin, who has persomlly directed the activities of the

roject, The project has boon under the supcrvision of Dr, F. J, !nlima,

ore C. B. ¥1likan and Dr. H, J. Stevart were conoceried with thn acrodymmic

aspects leading to the flight tests. The flight test: viere witnessed by
Dr. &. F. Durend, ohairman of the N.A.C.A. Jet propalsion cormitteco and
Lt. €. F. sischer of the Turcau of Acromautics, Mavy Derartment,
The anthors wish to express their annreciation for the coonerution of
all the mombers of the project, ospceially to ''r, rred Miller, resecarch

assistant on the g0lid nromellant section, and to !'r. F. %. rorman for his
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assistance in carrying out tho flight tests and reoording the tests by means
of colored moving nictures.

Auxiliary thrust was supplied to the Freoupe by multiple jet units
charged with a solid prorcllant. The application of a solid propellant in
the first flight teats does not, at the present stage of development, lead
to the conolusion that a jet unit utiliszing a liquid prop.eilhn!: is inferior.
In fact, oxperiments oompleted at the project during the period of the
Ercoupe tests ind cate that satisfactory operation can be expected of a jet
wnit burning a liquid propellant, Flans are being initiated for a 1000 1b.
thrust inatallation on an airnlane of about 10.(;00 1b. gross weight,

Tho justification for the choioe of the Ercoupe airplane for the
first flight tests can be found in Air Corps Jet Propulsion Research Iroject
Peport Yo. 8 by C. F. Damborg and P. I, Dn.m:l ). Th's report also inoludes a
detailed study of tho performance and flipht ochammoteristics of the Frooune
and a vroliminary design layout of tho assermbly for installing the jet units.

Tho flizht teats were carried out mainly to furnish informamtion on
the following problems;

1. Effect of auxiliary jet propulaion on the shortening of
the take=off distance and time, with and without overload;
and distance to clear a 50 ft. obstacle without overload.

2. Fffect on airplane stability and control.

3. Fffcct of blast from the jet units on the airplano structure.

In addition to these problems tho effect of nuxiliary jet propulsion
on level speed "light near the ceiling of tho alrplane was deternined and
a tako-off with jot oropulsion alone was accom:lishod.

In Table T the salient points of the flight tests are swwarized.




i Amount of Percent
Jet Thrust Saving
Item Addod %

1b,
Take=0ff Distanco, #t. 170 48.8
Take=0ff Time, 3co. ] 170 42,8
Distanco to Clear 50 ft. Obstaclo, Ft. 170 42.1

Distance to Tuke=Off with 288 1b.
Overlcad, bt. 1cc 51.¢
Tire to Take-Off with 285 1b., Cverload,
Seo, 166 . 49.4
Maximun Indicated Air Speed at 11,40C
£ft, . P H, 171 97 56. 5

I (% ir-

creaso)

On thc basis of the flight teats the following conclusions car be

1. The solid propellant jet unit delivering approximately 8 1b,

thrust for 12 scoonds doveloped by the project pave satisfaotory

perfornance. The thrust force was steedy during the peried of
action nnd the reliability of the un‘ts is attested by Lhic o oration
of 152 units in succession without failures. Tho unita were used

within a veriod of about three days after tho propellant char e

had boon loaded. Tcsta are undersay to determine the effect of

long time storage, and also oquipment for the preparation and

testing of single unite delivering 150 lbe thrist is about caudloted.

Tho use of twin assomblies caused no diffioulties with =tability
and contyrol. The pilot remrked thet the anuxiliary jot thrust
mde tho handling of the Trcoupe caeier during the whole take-off

rin, Control was sat!sfactory cven when one assechly alone was

delivering jet thrust. Theso results are especianlly significent

sinco the Freooupe test: rerresonted a sonled down study of the




effeot of auxiliary jet prenwulsion on aircraft of the type of the

B=25.

The blast from the jet units had no adverse offoct on the airnlane
struoture. The duralumin oover of the wing closest to tho jet
blast was only alightly raised in temperaturc at the end of the
operating period of the units.

Tho theoret cal enalyzizs of Teport Yo, 52/ by C. B lillikun and
He J. Stovart wes satisfaotorily verified so that it can be used
to prediot tho performence to be oxpected by the use of auxiliary
Jet propulsion

It appears Jjustified to earry out flight tests on an airplane having
a gross weight of about 10,000 1b. with an auxiliary jet thrust

of the ordor of 1000 1h, suprlied by either solid propellant or

liquid provellant Jet units,

II DESCRIPTION OF TYF IRCO ™F ATRUIAMNE USED IN TWE £LICHT T'=TS

The Freoupo airplane wvas mdo ava‘lable for the flight tests Ly tho
Air Corps !mteriel Division. It was flovm by Ce.pt'. Ho A. Boushey, Jr. from
Aright Ficld, Dayton, Chio to Yupch ricld, Celifornia.

Tho Ercoupe ie a low wing noroplane witii tricpelo lunding gear and
a 4win tail as shown in Fipgure 3. Theo cntire airplane is durelumin clad

with tho oxcoption of the outer wing parels, which are covered with doned

fabric, The fusclajge 1s of monocogque t;pe structire. The norml propulsive

unit consists of a €=ft. proreller driven by a Continental Ingine Model A=§53=3
rated at 85 ‘orsepower at 2570 r.p.m. A camplete description of the Ercoupe
can be found in Perort Yo, 6 (lee. oity

For flights with euxiliary jet oropulsion provision had to be made

on tho airplane for attaching the jet units. In choosing the location and




design of the attachment assembly the following factors were taken into acoount:

1. Safety for tho pilot and airplane.

2. Fffect on airplane weight and balance.

3. Fffcet on airplane flight charaeteristios.

4. Structural oonsiderations including easo of installation.
5. Effect of jet blast from the jet units.

Furthermore, calculations siiowved that in order to simulate perforvance
characteristics desired for heavicr aireraft, of the type of the B-25, about
150 1b, thrust should be added by jot pronulsion to the thrust available fram
the propeller of the Ercoupe. A singlo jot unit available for the flight
tests was capable of delivoring approximately 28 lb, thrust for 12 seconds,

After considering those facters (ef. Tercort Io. 8, loo. cit.,) it was
decidod to use twc asmemblics each inoorporating three of the jet units.

The assembly, whioh will be doscribod in more dotail in Fart 1II, consisted
of a track frame and mounting braoket. .

The two assembdlies wore attached below the center seotion of the
wing, ono on each side of the fuselase as shown in Figures 4 and 5.

Ta designing tho mssemblies no offort was expended to reduco their
drag to a minimum sinoe thie purnose of the flight tests was to eompare the
performnce, with anl without jJot thrast, of the airplane resulting from the
addition of tho asacmblios.

taloulations of rudder effeotivenoss (cf. Report ¥o. 8, loc. oit.) for
the cnzc in which three jJet units misfired on one side showed that although
tho ruider area of the norrml Erooupo was sufficient to ovecrecame the resulte
ing yawing moment, the margin was mather smmll. Therefore, ozch rudder area
waus incroused hy the addition of about one squarc foot of dural sheot as

shown !u firure C.
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I11 DESCRIPTION O 5S0LID PROFLLAYT JET UNTTS

AYD ERCO'TE ATTACIMENT ASSIMBLIES.

a. Component parts of a jet unit

The jot umits utilized in the Erooupe tosts were devoloped by the
solid propellant soction of the Air Corps Jet Propulsion Fescarch "rejoct

during;' the period 1959=1941, Very little information on solid propellant

rookets delivering a thrust force for a pericd greater than about ene second
ws available te nsaist the developmont. Consoquently, considerable theoreti-
cal and experimental researoh wns required to work out nozzle and combustion
chamber desipn, propellant commosition, loading teehniguo, and manufacture
procedure.

Tho results ef the solid propollant oxperimental research up te July,1540
are desoribed in Report e, 3,5) Parta I7, T77 and IV. An amalysis of the

characteristics of the ldeal solid propollant jet unit is vresented in

Recert Ne. 4.%/ 4 detailed report of tho oxperimental research condueted
sinco July 1940 is being prepared, thereforv, in the follawing sectiens the

Jjot unit used in the Yrcoupe tests will be only briefly described.

The Erooupe jet unit consistod of tho following oomponent parts as
shown in Figures 7 and &: cormhuation chaner, base cap, ohamber liner,

plastor baso increment, chamber flange, ruide fins, ignition system, exhuust

nezzle, exhuust nezzlo rmsket, nozzle oollar, tension belts, guide bolts and
guide bolt slooves. The dimensions of tho somponont pattu‘ can be found in
Figure 9, and a photogmmph of the assombled unit 1s showm on the right of
Fizure 3,

Tn desipgning the jet wnit for the flight tcsts plammed it was net

necessary to reduco the we!ght of the component parts to a minimum by the

use of sneecial mterials. sor that reuson Shelby tubing was used for the




combustion chamber and mild steel for all perts oxecept the cxhaust nozzle and
bolts.
It was found that a combustion chamber oould be recharzed indefinitely.
The exhaust nozxlo was mado of conpur of suoch dimensions as to avold
serious erosion during one run, ~“ircmft bolta werec used throughout. The

tension bolts were dosignod to fail at a chamber pressure of about £00C

lb./aq. in, in order to protect the combusticn chambor from being shattored

by excessive pressures.

The ignition system oonsistod of a nichrane wire placed in contact 4
with an ignition charge. One ond of the nichrome wire was grounded and the
other attached to a oommeroial 35 ma. spark plug., The plaster base increment
was pressed in plauoo undor high pressire to provent gas leakage to the bottom
of tho powder charge.

The woight of the oomponent parts is shem in the following breakdown:

Combustion ohamber, chamber flan:¢ and gulde fine . . 6.1 1b,
DRSC GRD ¢ o ¢ « o o o« « s s o 06 06 a4 a o s s 4 0 a0 o9
Chamber limer « . « « « « « o & § 3% Je w=an e .3
Plaster base inorement . . o1
Ignition system . . . . . . o1
Ixhaust nozzlo ard gacket ., . .

Nogzle oollar and zuide sleovos

Tension and suide bolts . . . + o . « s o & +5

Total “ieight of "nloaded Unit 10.7 1b,

b, S0lid provellant and loading technique.

The propellant charge used in the jet units was a type of anido
powder designated as CALCIT £7. Tho powder wus preparcd fron cormercial

ingredients in batches of about 25 1b. Tach jet unit had a charge capacity




of approximately 2 1b.

Tho 2 1b. charge was loaded inte tho combustion chamber in 22 incre~

ments b & plunger having a nose of conical shape. A loading pressure of

18 tons was anplied to the plunger in a hydmulio press. Approximtely one
hour was required to ohargo a wmit.

The last oharge incremont was reamod flat and a stomage plug inserted.
The storage plug wae held tightly against tho powder charge by the noszle
collar and provented the charge from cracking as well as protooting it from
molisture,

Mlans for the flight tosts called for eighteen jet units to be de-
livered to Yarch Field every other day. GSinece only one hydraulic press was
available to tho project two shifts werc employed to load tho units.

The night before the flight tests the storage plugs were romoved from
the charged units, the ignition charme and ignition system put in place, and
the storage plugs replaced.

The Jet units wore taken to ‘arch Field in cratos. The number of
unit: required for a given test flight were thon removed from tho crates and
the exhaust nozzlo installed in place of the stormge plug., The operation for
cach jot unit required about five minutes, Figure 10 shows an exhaust nozsle

belng bolted in placo at larch rield,

e. Frcoune attachmont assembly and ignition systenm.

Since, at the time plans wore initiated for the Ircoupe tosts, the
Jet units still suffered a smll percentage of failures from pressure builde
up in the combustion ohamber it was decided to desipn the attachment assemblies
in such a way that tho exhaust nozile and chamber were free to fly clcar of
the airplane,

As pointed out in fart 11, two identical attachment assemblies, cach




incorporating throo jet units, were conetructod. The attaclment assembly
oonsiated of a traok frame and mounting braoket as showm in Figure 11.

Tho traok frame was of weldod steel oonstruction and was provided

with traoks which supported the jet units by the guide fins. The jet wnits

wore mounted sido by side in the track frame and as closo togother as practi-
cal to achieve a compaot assembly.

The mounting bracket was conctruoted of 16 gage steol plate formed into
e Usshaped ohannel. The bracket sorved e dual function in that it supported
the traock frame and also provided protection for the pilot and airplane in
easo an excessive pressure bullt up in the jot unit caused the oombustion
ohamber to shattor. The track framo wms fastcned to the momting bracket by
four bolts, two on each side. Additional holee were provided in the bracket
for the rear bolts so that the inclimation of the ax’s of the Jet units oomld
bo varied in a vortical plane., Tho mounting brackot was riveted to two encle
irons by means of which the whole aznembly was bolted to reinforoing brackets
at the bottom of tho wing. In order to protect the wing struoture aainst
damago from serious shosk transmittod to tho mounting bracket !‘ran n Jet unit
"blow" tho rivets betweon tho brecket and tho anglo irons wore designed to
il before any part of the wing struoture. Tho term ™low" refers to the
failure of a Jet unit due to the build un of an excessive pressure in tho com=
bustion chamber which causes the oxhaust nozzlo to fly off.

The thrust developed by the jet unit wus transmitted to the track
frame through the nozsle oollar and the unit was provented from sliding alang
the track by ootter pins passing through emch fin ant track. In case of a
"blow" the chauber fins sheared the eottor »ins and tho chamber was then
gulded in & straight path by the track, The exhaust nozzle and nozzle coller
wore kert from flying off eidevmys ‘n caso the tension bolts did not fail

together Yy two sleeves sliding on puide bolts attached to tic chamber flange.




The ignition system on the Froouve consistod of a & volt battery,
located on the floor of the cooknit, connecting leads te the jot units, and
two switches. The jet units were hooked up in a parallel and the charces were
ignited by the pilot's throwing a knifo switoh and pushing a button switch on
the instrument panel. The comnlete installation assemblies and ignition system
are shom in FMpgure 12,

The weights of the component parts of the Freoupe installation are
shown in the following breakdown:

3 2 Younting brackcte . . . 5 39,0 1db.
2 Track frames . . . .. ... 18.0
4 Wing reinforcing Brackots 8.0
(3 Jo;: Units (charged,) . . . . R |
lPattery . « ¢ ¢ « ¢ ¢ o s 0 -« . . 47,0
Total Toight of Installation 1_3-772-1».

For tho teste with jet nropulsicn aleno uasing twelve jet units, ancther
track framo similar to thoso doscribed befere was attached in each assembly
a3 showm in Figures 12 and 13. In figuro 13 a sheot iron rlate extendin; at
45% to the mounting bracket ean be seon. This nlate was added to protoct the
pilet from fragments in casoc & combustion chambor in tho lower bank: wms
shattored.

In Figure 14 the pattern left underncath tho wing by condensation of

the smoko from six jot units in onoc assembly can he observed.

d., Charactoristios of tho I'rooune jet units.

The charactoristics that a solid propellant jet unit should 'mve for

super=porformance applications have been disoussed in Renorts Yo, 3 (loe. cit.)
and Yo. 4 (lec. eit.). Driefly, tho jet wnit rust be capable of dolivering

a thrust force for a period of time of the crder of 10 to 30 seconds, the
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effective exhaust veloeity must “e in the neighborhood of 5000 ft. ver sec.,
the rate of burning of the solid propellant from 1 to 1=1/2 in. per sec. at a
combustion pressure not exceeding 2000 to 400" 1b. per sq. In. and the thrust
coefficlent should have a wvalue 'n excess of 1.2.
The jet unit developed and used in the !reooupe tests had, on the

average, the following specifications: "

Average thrust = Fpy = 27.8 1h, A

Fifective tinme = tgpe = 11.4 sco.

Fffoctivo exhaust veloeity = ¢ = 5450 ft./sec.

Rate of burning = r = 1.0 in./seec.

Averazo chamber pressure = Poay, " 2,100 1%, /sq. in.

Thrust coefficlent = Cp = 1.5

The thrusteweight mtio of an Frcoupe jet mit was 2.6. The thruste

weight matio of the complote Freoune installation for six jet units was 0,9,
ho lattor thrustewoizht mtio {s rather lowr and onn be mterially improved
by the use of units delivering a highor thrust.

During the Erooupe flight tecsts a sample of sach nowder batoh was
loaded into either an Lreoupe jet unit or into a apeeial testing unit provided
with a chamber rressure tap and fired on the project. Tho variation with time
of tho thrust of the Frooupe units and the variat!on of thrust and chanber
pressure of tho testing umits viere recorded photo raphlcally. The results of
the batoh sample tests are plotted in Figures 15 to 36. Vhen cithor the nres-
sure or thrust were not rccorded the results of previous teats were cxtra-~
polatod to supply the missing data. Ixtrapolated results are indicated by
dashed lines ir the figures. In some of the batch sample tests tho length of
tho powder charge wns shorter then used in tho flight tosts and therefore the
effeetive time is also shorter.

A complete reccrd of the batch tests is collected in Table II. In the




table the following nectaticn is useds
RS = weight of propellant charge, 1b,
L, = length of propellant charge, in,
4, = diamoter of propellant char:e, in.
= diancter of exhaust nozzle throat, in,
diamcter of cxhaust nozzle oxit section, in.
oxhaust nozzle exransion ratio
length of expanding section of the exhaust nozzle, in.

half angle of exhaust nozeglo expanding section,
dogreos

ratio of croas sectiomal area of charze to nosrle
throat

density of propellant charge, sl.u;_-,u/ir't.s

total timo prcssure or thrust vas recorded, sec.

time oorresponding to period during which averace
thruet and rressure acted, seo,

oquilibriun chambor nressare, 1b,/sq. in.
avorago chnmber nressurc, 1b./sq. in.
averazo thrust delivered by unit, 1b.

Cy masn flow cocfficient

( r

Po ft
[ effective oxinust velooity, ft. /soc.

Cp Jay, = average thrust coefficlent

r rate of burning of tho propellant, in./sec.

A complete record cf the propellart charres used in the flight tests
is collccted in Tables I'7, IV, V and VI, The same notation is used as in
Table 7T. The thrust and offective time of thrust action of the units used
in the flight tests were assumed to be the sane as tho corresponding batch

samnle testel at the project,

It will be noted that during the first period of the flight teste a
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number of jet unit failures occurred. During this time cxperimentation vas
being carried out at the nroject to overcome these failures and aftor the
second day of flight testing no fa‘lures oscurred in 152 succcasive char;cs.

A muber of misfires were encountered in the flight tests, caused by
faulty elcotrical oontactz and brokem isnition wires. The miasfircs were
firally nractically clininated by the uso of a test!nz oircuit to chock the jet

mit ipgnitlon system bofore the unit vus installed on the Yrecupe.

IV _FLIGHT TEIT PROCEDURE AWD DESCRIPTICY C# TYSTS

Tho flisht tests of the Frcouno were oarried cut at !aroh fleld,
tnlifornia in the early morning before winds could interferc. Ir all the
tests the wind spoed moasured at tho 'arch Field Yeteorolozical Station never
exceeded 3 m.p.h. and in most cases tho wind direetion produced a cross wind
on the airplane.

To determine the take-off distanoco the rumway vas marked off in 50 £t.
interwals and tho spot at whieh tho wheels left tho surface caught by an
observor who also timed the take=off with a stop watch. The take=of{ distance
end time were estimmted to be accurate to rrit‘\in-:soﬁ.

The weight of the Ercoupe was kept the samo for all tests ecxcont for
tho overload tests and the tests with jet oropulsion alone.

To determine the distance and tine required to clear a 50 ft. obstacle
poles sunplied by larch field were erected on the sides of the mmway and a

twine carrying streamors stretched across., The time reguired to clear the

obatacle from the start of the takeeoff wns only roughly determined.

The statio thrust delivered b; the proncller wams neasured b, neans
of two sprin; balances, as shomn in Fig, &7. It wma found that the nronellcr

delivered an average static thrust of 323 1b. The thrust delivered by the
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jet units sms assumed tc eerresrond te the thrust speocificatiens determined
at the projeot,

The results of the flight tests are tabulated in Tables VIY, VIII,

and IX. A brief desoriptien ef the tests follows in chronologioal order.

August 8 3
Test Yo, 1 and 2 = The maximm airspeed and rato of olimd

at 4328 ft. above sea level were determined from the panel instruments
of the Erceupe without and with the jet installation. The flight

characteristios of the airplane with tho jet assemblies installed
were feund to be satisfactery.

Tests No. 3 to & = The take~off distance and time were
noasured without the Jot assemblies.

Tosts Mo, 9 to 15 = The take-off distances and time were
noasured with tho jet assemblies installed. Tests 10 to 15 were

carried eut azainst a censidorablo headwind se that the results eb=

tained are net considered relimsble. Additional take-effs with the

Jet assemblies installed were made en a number ef ecoasions during
the flight test period.

Test Yo, 16 = A statie test vms performed with the propeller
running and one jet \;nit in each assembly eperating (of. Fig. 38).
The lower wing surface adjacent to the exhaust nozsles was net
noticeable raised in temperature and the jets eleared all pertiens ef
the airplane strueture. :

Test Ne. 17 = One jet unit was nlaced in each assembly and

ignited after the airplane had started taxing down the runway. (ef.

Fiz. 39). The pilet neted a slight acceloration when the jet thrust

began te act.

Test Ne. 18 = One jet wnit was installed in eash ef the two




asserblies, the nirplano flowm to 3000 f4, above !arch Fiold and
tho porder charges ignited. Jet wnit in ripht assembly failed, the
exhaust nogzle and combustion chamber cleared all parts of airnlane.
Yo damaze resulted from the "blow." Tho nilot wus able to detoct a
slizht yawing moment from thrust delivered by tho jet umit in the
left assembly,

Test Yo. 19 = four jet units wore instulled, two irn each
assembly, amd fired with the brakes of tho airplane set. COf the two
Jet units In the right assembly one ran satisfactorily, the other mis-
fired; in tho left asaozbly one m'sfired, the other failed. The blow

of tho unit that failod caused tho rivenuts ut the rear attsciment of

the anglo irons to pull leoose. The exhaust nozele and combustion

chanber cleared all parts of the airplane structure.
August 8

Test No. 20  Four jet units wore installed, two in cach
assembly, and fired with the brakos of tho airplano set. Throe units
opernted satisfactorily, one unit in right assembly failed, The
exhaust nozgle rebounded from the rummy and struck the fusola;e, toare
ing & 10" hole in the skin and shearing a bulkhead (cf. kg, 47), The
combustion chamber travcled about 100 ft. ahead of the airnlane before
hitting the growd. Ihe blow vas rather violent causing the rivenuts
at the roar attachment of the angle irons to pull looso and the duml
wing covoring irmodiately above the exhaust nozele position tc streten,
pulling loose four or five rivets. The pllot descrves credit for his
willingness to econtinue flight test as soon as the airplane wns re-
pal red.
Aurust 12

Test Yo. 21 = The holo torn in the fuseln;c during the lesst




test was repaired as shown in Fig. 41. zfour Jets were installed
and a taxi run made. All jet units functioned satisfacterily. nilot
cammented on noticeable acceleration when the jet units were deliver—
ing thrust.

Teat Mo, 22 « Foupr jet wnits were installed, the airplane

flown to 3000 ft. above Yarch Field and the powder charges ignited,

All jet units functioned satisfacterily. The pilot commented on
marked acocleration « the indiocated air speed increasing from 75 m.p.h.
to over 90 m,.p.h. during the period the jet units dolivered auxiliary
thrust. .The airplane climbed somewhat during the same reriod, and
control was not noticeably affected.

Teat Mo, 23 = The first take-off with auxiliary jet pronulsion
is shown in Fig, 42, rour je: mits were installed and all perfermed
satisfaotorily. The charges were ignited bofore the bLrakes were re-
leascd. Pilot noted marked mccelerstion during takeeoff run as
compared to take=off with proreller alone, and satisfactery control
of the airplane. Spoed seemed to incrense immedintely after clearing
the ground and satisfactery control ef the airplano was obtuined
during the airebern porticn of the jet units' overtion.

Aucust 14

Test lo. 24 = Taxi run with six jet units installed. Airplane
was started relling and then the rarder charpes were ignited, The
Jet blast ceased after npproximately an 850 ft. run., Cno jet unit
in the left asserbly misfired. Tilet satisfied in all respects with
tho cperation of the cther five units,

Test Ye. 25 = Makeeoff with gix jet urits installed. One jet
unit in right asscwbly miefired, order charges were ipnited beflore

brekes wore roleased. {of, Fipgs, 47 to 42),
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Test No. 4C = “ame as Test Yo. 42,
Aupust 21

Test Yo, 47 « Test to detcrmino takeeoff distance and time
with six loaded jet units !nstalled but not fired,

Test Yo. 4% = Airplane with six jet units installet climbed to
11,400 ft. above sea level, near the celling of tho airplane, and the
pordor chargos ignited. laximm level flight speed increased aprproxi-
mately from 62 to 97 m.p.h. indieated alr speed. Tilot found flipht
oharacteristics satisfactory.

Tests Yo. 49 te 51 « 3ame as Tcst Yo, 47 with six dwry jet
unlts installed.

Test Mo. 52 « Same as Test Yo. 47,

Tost Yo. 55 = Yoving pictures taken at about 2000 ft. of
Ercoupe with jet units oporating. TPhotezraphs taken by ¥r. E. $. Forman
from airplane piloted by Dr. C. B, Millilkmn,

Tests Yo, 54 to 656 = “arc as Tests o. 49 to 51.

Test Yo, 57 = Tekceoff of I'rcoupc with six jot units firing
compared with take=off of a l'orterficld a!rplane niloted by Nr,

C. B. ¥illikan (cf. Fig. 50). The Porterfiecld gross weight had heen

ad justed to make its take-off diectance the samo as that of tho Freoupe

vith six dwwmy jot units ‘nstalled hut not operating.

Test Mo, 58 = Tho EFrcouve was taken off with threo jet units
operating in only the right assembly to detomine rudder effcctiveness
under the conditicns of yawin: moment due to the jet units, The
pilot revorted sufficient rudder control,

Aurust 23

Tezt Ye. 59 = Provisien vas rade on the Ircoupe for the
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instellation of twelve jet units for attemnts to take off without pro=
veller thrust., The vroncller ves removed as shown in Fig., 51. In this

test all jet units performed satisfactorily. To start the airplane

rolling a bank of six Jet units was iznitod and the seocond bank ignited /

about seven soconds later. The airrlane sms umable teo take off Lefore /
the jet thrust ceased acting (ef. liz. 32).
Test Yo, 60 = Same as Test "c, 59 oxoopt that Freoupe wes

pullod by & truck to a speed of about 25 m.p,h. hefore all jot units wore

igrited, Of twelve units installed one unit misfired duo to jasket leak.
Tho Frooupe loft the pround and reached an altitudo of about 20 ft. before
the jet thrust ceasod to act. S3trong diving moment when tho jet thrust

ooased to act caused a rather rourh landing.

Test Vo, €1 = Test to determine take=off distance and time with
six londed jot units installed hut not fired. Attachments for extmra
bank of six jot units used in Tests Yo, 60 and 61 not removed so that
drag of the airplane wus larger than in other take=offs with six jet units
‘nstalled.

Test Mo. €2 = Finnl test usod to determine take-off distanco and
tire required with proneller nlus six jet units firing, All six units
perforncd satisfactorily. (ef. Test Yo, €1). The emd of the climb after

take=off is shown in fip. A2,

V AFALYSI3 O« TIE PFReORMAVCE O THF ERCOUPE WITH AMD WITHCUT
AUXTLIARY JET FPROFULSICHN

a. Performance and data for the FErcoupe airnlane without auxiliary

Jet oropulsion

The antioipated cerformance and flight chamactoristics of the noral

Frcoupe airplane, with and without auxiliary jet propulsiou, have been discussed
by €. F. Damberg and V. ', Dane :n Renort Yo. © (leec. eit.).

£light tests to determno the sotual performance of the Frcoipe used




at March Ficld are descrited in the preceeding section. The nominal date
and nerforzance for the normnl Freoupo are compared in Table X with tho
Ercoupe used, without end with jet equipment attached., When the jet equip=

ment was attached six dummy jet units were installed in the assemblies.

TARLE X

Kormal Ere | Erooupe tested | Ercoupe with jet
ooupe at at 'arch Fleld | equipment attached
sea level | 1528 £t. above { at March Fiold

see level 1520 ft. above sea)
level

Gross weipht, W, 1b, 1178 1178

Vaximum velooity, Vyqe, m.p.h. 104 92
at 4528 ft. a- | at 4529 £t. above
bove sea level | sea level

Vaximan B.n, - -

r.n.m at rated spcod

Propellor diarmetcr, D, ft.

Initial thrust of »ropoller, (), 1h,

L.l:lng span, b, ft, 30 °

Take~off velceity, Vpg, m.p.h,
(estimated ) a1

Take~off run, 34, ft. 350

Take=off time, to, seo, 2.8

ngtance to elear 50 ft. obstaole,
Sp + S5, ft. 766 950

Time to elear 50 ft. obstaole, o
to ¢ t., scc. 16,8 { 19.0

A study of the data in Table X shiows that the Frcoupe usod in the
flight tosts without jet cquipment compared with the norral Irooupe had a take-
of diatance greater b 20% and a take=off time greater by 22.5 per oent,

The addition of the jet equipment inoreasecd tho take-off distance and time of
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the Erooupe used by 3& oper cent and O per cont respectively. Tho reason for
the latter increasos wms tho 4mg addod to the airplane by the jet equiprment
as discussed in preceedin; sections of this report. Tn tho follewing por-

formance ocaloulations of the e”fect of muxilimry jet thrust the Frooupe with

the jet equipment attached will be used as a basis of commarison,

b, Results of thooretioal amlysis of aireraft ascisted by
auxiliary jet nronulsion

in acrodymamio amalysis of take-off and initial climbh of aircraft
az affootod by auxiliary jet vronulsion wms ecarried out by C. 3. MNillikan
and Y. J. Stevart in iir Corps Jet "ronilsion Rescarch Troject "evort Yo, 5.
Tho folloring oneral relations dovoloned are needed to interprot the rosults

of the Ereoupe flight tests:

Take=off distanco, g and time te with nuxiliary

Tho take=of{ distance is given by

A+F -BVis,
A+F-BVE

where tho notations so far unief ' ned are:

' w
Se=KS, "'59—5 log

% = vercent of take-off distanco without jet asaistanoe at which
Jet thrust is addol. In the Freoupe tests the Jet thrust vms
hepun before the brakes were released so that X = €,

g = ncceleration duo to pravity, !‘t:./m'u':.2

= thrust dcerement coefficlent for the normal airnlane which
during the takeeoff run accounts for the docrease in proncller
thrust, airplane dru;, and the dcereaso in pround frietion 1uo
to the lift of the airplane.

w iritial accelerating thruast for the norml airnlare,

= 0 -/A.‘-'. w gtatio thrust cf propeller = ground Trietion,




M = cocfficlent of friction of rummy

F = thrust from jet units, 1b,

Visy = volooity of airplane at tirce jet thrust begins to aot

= O for I'rcoupe tosts

V1o = talko-off velooity of tho normal alrplane

For the Frooupe airplane used in the flight tosts eq. (1) Heccomes
I
293 log (1- A+F VT°) the
I1f the dimensionless variablos & -i‘- and Ae '%VTOZ are introduced,

the relativo saving in distanco brought sbout by auxiliary jet prorulsion can

be written in the form

SQ-S; i log[’ |+“
So log (1~ a%)

The take-off time is given by
I+ !EF Vso

tom e
2gJ(A+F)a' ‘/ 5 .V'ro

Climb after take-off with aux!liary
Jot oropulsion
The horizontal distance required to climb to & height h is siven

by the relation
¢+ Wh |
= ——
Sc= A 1+at-€ a2 (5)

A= v Tn this equetion Ry differs from
C A TO the B usod for the tako~off oale
eculations unloss tho takeeof'f rn

is mdo at the Cy, for which the

1ift equals tho weight at Vro., It
will bo asaswaed that for the Fr-

B couro 7g = 0§ so that
A=|’T v'ro
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In this equation AD corresponds
to the dmg inorement at V1o due
to the change from take~off to
olimbing configuration and to loss
of pround effeot. Since the oon=
figuration of the Trooupe does not
ohange during the olimb 4D is due
only to loss in gromd effect,

The relative saving in hor!zontal distance achieveq through the use of
auxiliary jet thrust s tiven ny

Se- Se I ,
?—-‘. =ﬁ (7)
c ""“"‘
The time required to oMb to an altitude h is given by the relation
s _ Wh |
- AVr, I+x-€a2 b

Tale=off with overload aideq by

auxi liux jet propulsion

Tho take-off pun in the overloag case with tuxiliary jet propulsion is
glven by

2
So;a-ﬁzllog(l-é?— y (9)

g8 I+
(Vo) ]2
where ﬂ. [—\221 and (Wo)u is the takeeoff veloeity of the airplane in
0

tho ovorloaded condition, orflo VVw vhere W, 18 the gross weiput of the
W i ;

airplane with overload.

Tho relative saving in tako=ofg distance by the use of auxiliary Jet




propulsion is given by
Ba*
= Tog (1-2%)

o, Amnlysie of Freoupe flight testa.

The resulte of the flight tcsts aro collooted in Tables VI?, VITT and
IX. From the tests with jet equimment attached, without auxiliary jot propule
sion, the rorformance factors A, B, A, a, aD, @ , and B, defined in the
preceeding seotion ocan be determined.
A= Ci~—p w

The initial thrust of the propeller €] mas found to have the value of

325 1b., and assuming that the friction coeffieient }t for a hard smooth

rummy has the value of 0,02 thon .
A =325 = C.02 x 1173 = 302 1b,

The value of B can be obtained from equation (2) by setting & » 0 and
taking Vpo = 60 m.n.h, = 73 ft./sec. The take=off velocity Vpp vas estmated
from the air sneed indicator reading. Solving equation (2) graphically it is
found that

3 = 0,015

The coefficients A and o are defined as

A= B Viom 0855
F_FE

A=r ==

A 302

Fffeot of auxiliary jet nropulsion on
tako=off distance and tinme

The depondenca of tho take-off distance and time of the l'rooune on

the Jet thrust added can be caleulated from the followin: relations




S 440 g (1- 222

F= 3| "oessy

In Figures 54 and 55 the variation with ¢ of take=off distanooc and
time respectively is shown together with tho oxnerimental results of the flight
tests. Tt 1s scen that tho predicted take«off distance curve falls somehat
lower than the measured points. This differcnce is believed te he within the
experimental errer of the data and the variation of nilot take=off technique.
The predioted tako=off time curve fits the measured points very well.

The greatest reduction in take-eff distance, amountin: to 53.5%,

ocourred when a = 0,57, The take-off time for this run was reduced 51.7%.

Fffeet of auxiliary jet nro-ulsion on
elimb after take~eff

In Figuro 5¢ the results of the tests to determine the distance to
clear a 50 ft. obstaele are praphically illustrated., Without axiliary jet
nropulsion an average ef 950 ft. was required from the starting point to clear
a 50 ft. height. Tn this average, Test Po. 21 it neglectod as the nilot felt
that the test was not representative. The average distance required to clear
the heipht aftor the wheels left the rumwy was ¢ = 370 £'t,

From eq. (5) the value of {I—G]:)cnn be ovaluated for the onse ef

no auxiliary jet propulsion
2 Wh 178 x 50

.. 0527
I=€2c= A, = 3022370

The saving in horizontal distance during clinb achieved through the

use of nuxiliary jet thrust is given by eq. (7)
’
S-S5 ___x &
Sc  (-extf+x .527+nt




In flight tests To. 34 and 36 a jet thrust of 169,2 1b. was added,
Test No. 37 is not 'renlrdod as reliablo as the mairslane was started 450 ft.
away from the obstaole and when tho pilot saw he oould not olear the obstacle
he dove under.

For the two tests o = 0.560 and the predicted saving in horigontal dise

tanee to climb over the obstacle with auxiliary jet thruat is given therefore

’
Sc-S5._ __.560 _ _o.si6
Se .527+.560

and
S = S (1-.51G)= 370x 484 = 179 L.

The two flight tests gave an averago value of Se = 282 ft. correaponding
to a saving of 31.7%. This saving is 209 lower than tho theory predicted.
It is believed that this differencp oould have been materially reduced if
sevoral more tests had been made to give the pilot an opportunity to improve :
his take=off teohniguo.

Tho total distance to olear the 50 ft. obataolo from the starting point
was reduced from 950 ft. to 5§50 ft. or 42.1% by the addition of 169.2 1b. of
jot thrust.

iffect of wmuxiliary jet propulsion
on takeeoff with owerload

To deternine th‘e offeet of auxiliary jet propulsion on the take-off
distance and time with overload the Frooupe took on a passengor and added sand-
bags until tho nilot felt that safoty of the mirplane in llndinc; did not pemmit
additional overload. The safo overload wns found to be 285 1lbs, With this
overload tests lo. 41, 43, 44 and 45 were made to give an avorage take-off
distance of 90§ ft.

The retio of overloaded weight to normal weight for this case is

p«383 02
1173




Tho overload amounted to an increase of 67. 5% in useful load.

' The teke=off distance should then be given by tho relation (9) which

‘ in this case has the form
’ 9l
S, = — 547 log ('—TT;)

To detormine the cffeot of jJet thrust on the take=off distance with the

235 1b. overlead tests Yo. 42 and 46 were mado and pave an avorage take=off

distance of 438 ft. This oorresponds to a 51.6% saving in distance. It may

bo noted that the take=off distance with ovorload assistod by an average

auxiliary jet thrust of 166 1% reduced tho tzle-off distance to a value below

that required by tho Proou:pe without overload,
l Acoording to the above relation the take-off distance with jet thrust

. ’
should have heen s% w 483 ft. The difforcnco from the measured takeeoff

{ distanoce amounts to 9.3% and could be brought about b tho uncertainty in the

. take=off velooity, whiich determinea A .

» a Fffect of auxiliary jet vrovulsion

on the maxirum sneed

Two flights in which tho inorcase of indiocated air sreed was observed

wero made., The firat was Test YNo. 22 made primarily to determine the cffect

of jet thrust on flight chamcteristics and the second wus Test o, 40 mde

\ at 11,400 ft. above sen level near, the ceilinz of the airplane, rainly to

. satisfy curiosity.
In Test Yo. 22 tho indicated alir apeed increased f'ron 75 to 9C r,n.h,
\| during the effoctive time of 12,7 seconds of 111.5 1b, jet thrust. This
T corresponis to an incrense of 209 in indicated air speed. During this test
- 8 the airplane ol!mbed scmewhat.
: In Test Nec. 48 the indicated mir specd inoreascd from €2 to 97 m.n. h.
' during the effeotive time of 10.3 seconda of 170.€ 1lb. jet thrust. This

J

\




amounted to 56.5% inorease in indicated air speed.

These results of increased indioated air speed are of doubtful

acouracy as there was no wvay of being assured that tho flight path during the

action of the jet thrust was horizontal,

Effect of 85 1b, Jet thrust in one
assembly on tho Erooupe take~off

In Test Yo. 53, to simulate the miafiring of all jet wnits in one

esserbly, the pilot took off the Ireoune with three jet units in the right

asserbly delivering 05 1b. thrust for an effective time of 10.9 seconds. The
nilot reported satisfactory control during the take~of! run and in the climd

after tale-off,

Take~off of the Frecoupe solely
with jet propulsion

In Teet lo. €0 tho airplanc wns succcssfully taleneoff with jet proe

pulslon alone aftor an initial roll !m4 beon immarted to the cra’t, This test

was mde rmainly from the viewpoint of euriosity,

Corment on the problem of eomparin: exzerimental results with theory

There arc two faotors that make it diffioult to evaluate tho thcoretical
analyeis of Rerort ¥o. 5 (los. eit.) by cormaricon of tho predioted Frooupe

rosults with t'iose obtained experimentally, The first difficulty arises from

the fact that the sctual take-off speeds werc nct measured, For the eralysis

of the data it was assumed that tae bakceoff speed *ms 50 m.p,h, From the
theoretical analysis it can be seen that errors in tie esti-ation of the tako-
of f velogity ean be quite dmportant. The trnke-off distance in tho overlonded
conlition 1s rartlcularly scnsitive to errors of this type. It is recommesded
that for future tosts, in rarticular with larper alrplanes, the teke~off be

recorded photogyaphically by a moving r'oturc canera using a pendulum and




grid in order to establish more closoly the tal-o=of f conditions.
The second difficulty aroso in the tosts involving a olimb after

take=off, For these tosts, a 50 ft. cbstaolo was crected and the anount by

which the alrplane cleared the obatacle vas estiratod visually, a very inac-

curete procedure. The mbove menticned photograrhio technique would elimirate

this A1fficulty also.
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Fig. 8 == Capt., H, A, Boushey Jr. shown with Ereoupe
airplane used in flight tests.

Fig, 4 == tront view of Ercoupe showing attachment assemblies
installed.




Fig. 5 == Clese up showing side view of jet unit assembly
installed on Ercoupe.

Fig, € == 0ide vicw of Freoupe rudder showing dural
sheet riveted to the tmilin: edze,
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#ig. 11 == Close up of attachment assembly with one
Jet unit installed.

Fig, 12 == View of Freoupe

Jet unit attachment assemblies and
ignition systen, Extra tmels

for six additional
Jet units are shown,




Fig. 18 == Poar view of six jet units in attachment
asserbly before take=of f with jet propulaion

alone.

r condensation of

Fig. 14 under wing by
ki ix Jet units in one assexbly after
at propuls.’ on alone.
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Fige 37 == Viow showing setup used to measure the static
thrust of the rroncller.

Fig. 38 == View of first static test with two jet units
firing,




Fig. 39 == virst taxi test with ono jet unit firing in

each assenbly.

wlo t t recr of
sheust nozel on rohoundir

After jet unit fo lurc.

«= [losc=up of




Fig. 41 == View of repaired fuselase.

Fig. 42 <= Ercoupe ebout to leave ;round on first
take-off, August 12, 1941,




43 == Frcoupe assisted by auxiliary jot propulsion
1eave the rumay o0 takee

Fip.
alout to

1liery jet ropulsion

e ke=0

(-ted by AUF
[?

4 == Ercoup® a

e &
lenving the T wny o




Fig. 45 ==

Freouno acsisted by axiliar, jet propulsion
at start of clizb nfter bake-off,




Fige

47 == Ircoune assisted b auxiliary
in climh after & kewoff.

jet

o

ilsion




Fig, 49 == Freounc sgsicted by nuxiliary jet oropulsion
climbing after tuke=off in 50 ft. oustaele teste

- re assisted Ly nxiliary jet
propulsion coupare 1 with n “orterficld nirclane,




¢ Yreouge afber yropeller tigd

5] == Vigw of nose ©
been removed.

i,

58 == Dun of @ \ccessful take=off of Treoune with jet

Fir.
propulsics alene.




Fig. 55 == Fnd of elirh of 1
auxiliary jot

ast Frooupe takewoff with
ororulsion in tosts,
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